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ABTopaMIi 1I3Y'IeH rrepexo,n: 3rreKTpOHa MelK,n:y ,n:ByM5I IIOHaMIi rro,n: Brr1I5I­

HlieM rrOrr5lpIJ.3yeMoH cpe,n:bI. Bbl'llICrreHa BepOlITHOCTb rrepexo,n:a 3rreK­

TpOHa II paCC'IliTaHa KOHCTaHTa CKOPOCTII rrepeHoca 3ap5l,n:a MelK,n:y IIOHaMIi 

B paCTBope. HaKOHeI(, y,n:erreHO BHIIMalHle rrOrrrOlI(eHIIIO CBeTa aHIiOHaMf!. 

Pe3yrrbTaTbI corrOCTaBJIeHbI C 3KcrreplIMeHTarrbHbIMf! 3Ha'IeHII5IMf! :mepnHI 

aKTIIBaI(lIli. 

C TO'lKH 3peHHH TeOpeTH'leCKOrO H3Y'leHHH 3neMeHTapHoro aKTa OKHcmnenbHO­

BOCCTaHOBHTenbHbIX peaKIIHH B pacTBopax OC06bIH HHTepec rrpe,lJ,CTaBmnOT peaKIIHH 

3neKTpoHHoro 06MeHa Me)K,lJ,y O,lJ,HOHMeHHo 3apH)KeHHbIMH HOHaMH. B Ka'leCTBe 

rrpHMepa MO)KHO rrpHBecTH peaKIIHIO 

(1) 

KOTOpa5I XOPOIIlO H3Y'leHa 3KcrrepHMeHTanbHo. O,lJ,HOHMeHHO 3ap5DKeHHble HOHbI 

H3-3a CHnbHoro 3neKTpOCTaTHQeCKOrO OTTanKHBaHH5I He MoryT C6ml)KaTbC5I ,lJ,0 

HerrOCpe.I\CTBeHHoro KOHTaKTa. TIepexo.I\ 3neKTpOHa OT O.I\HOrO HOHa K .I\pyrOMY 

rrpOHCXO.I\HT 'lepe3 nneHKY paCTBopa .I\OBonbHO 3Ha'lHTenbHOH TOmIIHHbI. 3TO 06-

CT05ITenbCTBO n03BonHeT cynrecTBeHHo ynpocnnb paC'leT BepOHTHOCTH 3neKTpOH­

Horo nepexo.I\a. 

CrreKTpo<jJoToMeTplI'IeCKlie II rrOTeHI.\IIOMeTpWieCKlie orrbITbl1 ,2 rrOKa3aJIlI, 'ITO, Hap5l,n:y C rrp5l­

MbIMIi peaKI(lIlIMII nma (1) B pacTBope MoryT rrpolIcxo,n:IITb II peaKI(1I1i C Y'IaCTIIeM KOMrrJIeKCOB, 

o6pa30BaHHblx peanlpyIOlI(IIMIi KaTIiOHaMIi II rrplIcYTcTBYIOlI(IIMIi B pacTBope aHIiOHaMII, Ha­

rrpliMep, 

Fe2 + - Fe*OH2 + , 

Fe2 + - Fe*C[2+ , 

Fe2 + - Fe*F~~ . 

(2) 

(3) 

(4) 

B Ka'IeCTBe ,n:pyroro rrpliMepa 3rreKTpoHHbIX rrpOI(eCCOB B pacTBopax MOlKHO YKa3aTb Ha rrorrro­

lI(eHIIe CBeTa o,n:HOBaJIeHTHbIMIi aHIiOHaMII, KOTopble 06JIa,n:aIOT rrOJIOCaMII rrOrJIOlI(eHII5I B yJIbTpa­

<jJnorreToBoH 06JIaCTIi. B HaCTOlIlI(ee BpeM5! MOlKHO C'IliTaTb ,n:ocToBepHo YCTaHOBJIeHIIbIM, 'ITO 
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JIeeu'l. j(020HaiJ3e: 

McxaHH3M npOI:(CCCa CYIIl,CCTBCHHO :mCKTpOHHbIll, T. C. qTO B PC3YJIbTaTC nOrJIOIIl,CHI1H CBCTa npo­

HCXOAHT H3MCHCHHC :mCKTpOHHbIX TCPMOB, HarrpHMCp, rrcpCXOA :mCKTpOHa OT HOHa K paCTBOpy. 

3TOT ¢aKT HaXOAI1T CBOC OTpalKCHIIC B II3BCCTHOll 3MIIIIPHqCCKOll ¢OPMYJIC
3 

AJIH nOJIO)KCHHH nOJIOC 

nOrJIOIIl,CHlUI raJIOHAHbIX ·HOHOB B BOAHbIX paCTBopax 

hv = A + Hion - 0,9 3B. , (5) 

rAC A - 3HcprHH 3JICKTpOHHoro CpoAcTBa, a Hion H3MCHCHIIC 3HTaJIbnIIH AJIH npOI:(CCca ncpc­

Hoca HOHa H3 BaJ(YYMa B IIACaJIbHbIll paCTBOp. 

OqCHb HHTCPCCHbIM IIPIIMCpOM HBJIHCTCH TaK)KC nOrJIOIIl,CHIIC CBCTa MCTaJIJI-aMMHaqHbIMI1 

paCTBOpaMI14 . )KH,!\l<Hll aMMnaK AOBOJIbHO XOPOIIlO paCTBopHCT IIl,CJIOqHbIC II IIl,CJIOqH03CMCJIbHble 

MCTaJIJIbI. ITPII 3TOM aTOM MCTaJIJIa AIICCOI:(IIIIPYCT Ha nOJIO)!<HTCJIbHbIll HOH H 3JICKTpOH. Ha OCHOBe 

TCOpI1I1 IIOJIHpOHa, pa3BHToli TIcKapoM5 , ,[(aBbIAOB paCCqHTaJI cnCKTpbI IIOrJIOIIl,CHHH MCTaJIJI­

aMMHaqHbIX paCTBopOB, a ,[(clirCH 7 paCCMOTpCJI np06JIcivly 3JICKTpOrrpOBOAHOCTII. 

ECJIII CpaBlIl1Tb CKOPOCTb nCpC3ap5!AKH HOHOB B ra3ax co CKOPOCTblO 3JICKTpOHHoro 06MCHa 

B CHCTCMax THrra (1)-(4). TO OKa3bIBaCTC5!, qTO IICpC3ap5!AKa B ra30BOll ¢a3C rrpOTCl<aCT HC TOJIbKO 

3HaqHTCJIbHO 6blCTpee qeM B paCTBopax, HO, 'ITO MCHce TpHBIIaJIbHO, B paCTBopax BOBCC OTCYT­

CTBYCT HBrrCHHC pC30HaHCHOH IIepe3ap5!AKH.XOpOlliO H3BeCTIlO'; qTO nCpC3ap5!)l.Ka OAHlfaKOBblX 

nOHOB, OTJIIlqalOll(IIXCH TOJIbKO BaJICHTHbIM COCTOHHHCM, B ra30BOll ¢a3C IIpOTCKaeT ropa3AO 

6bICTpee, qeM pCaKI:(HH MC)K)l.Y pa3HbIMII HOtIaMII8 . B TO )KC BpCMH pCaKI:(HH (1) B paCTBOpc npOTeKaeT 

3HaqIITeJIbHO MeAJIeHHee, QeM, HarrpIIMep9, peaKI:(IIH (2). COBoKyrrHocTb BCCX nepCqIICJIeHHblX 

¢aKToB YKa3bIBacT Ha TO, QTO paCTBOpHTCJIb HrpaeT O'IeHb Ba)KHyro pOJIb B pCaKL\IIHX 3JICKTpOHlwro 

06McHa. 06 3TOM )KC rOBopIIT II HaJIH'll1e BToporo QJICHa B npaBoll qaCTII 3MrrIIpIIqCC](Oro ypaBHc­

HIIH (5) B cJIyqac nOrJIOll(CHIIH CBCTa aHIIOHaMH B paCTBopax. 

MO,ll,eJIb pacTBopHTemr 

,lJ,mI oImCaHIlJlpaCTBopHTemI MbI 6Y,ll,eM rrOJIb30BaTbC5I rrOH5ITIleM y,ll,eJIbHOll rrOJI5IpH-

3aIIIlH Per). CTporo rOBOp5I, MaKpOCKOrrIl'IeCKOe rrOH5ITIle rrOJI5IpH3aIIlUl. rrpIlo6peTaeT 

CMbICJI 3arrpe,ll,eJIaMHrrepBOllCOJIbBaTHOii 060JIO'IKH HOHa. ITPIl orrHcaHHH rrOCJIe,ll,Hell 

CJIe,ll,OBaJIO 6bI yqeCTb ee ,ll,HCKpeTHoe cTpoeHHe, oco6eHHO CYlIIeCTBeHl:IOe rrpH HaJIH­

'IHH XHMH'IeCKOll CB5I3H HOHa C MOJIeKYJIaMH paCTBOpHTeJI5I. O,ll,HaKO, rrpH COBpe­

MeHHOM COCT05IHHH TeopHH paCTBopOB yqeT ,ll,HCKpeTHocTH COJIbBaTHOll 060JIO'IKH 

He rrpe,ll,CTaBJI5IeTC5I B03MO)l(HbIM. B HaCT05IlIIell pa60Te MbI 6Y,ll,eM orrHCbIBaTb 

cpe,ll,y C rrOMOlIIblO HerrpepbIBHOll rromrpH3aIIHH Per), 'ITO OTBeqaeT 60PHOBCKoii 

MO,ll,emI paCTBOpHTeJI5I. 

B HHTepeCYlOlIIIIX Hac rrpOIIeccax Ba)l(HYIO pOJIb HrpaeT HecTaIIHOHapHOCTb Per), 
KOTOpa5I 06YCJIOBJIeHa ,ll,ByM5I cpaKTopaMH. C O,ll,Hoii CTOPOHbI, MOJIeKYJIbI )l(II,ll,KOCTII 

(paCTBopIITemI) COBepIIIalOT rrepeCKOKH OT O,ll,HOrO BpeMeHHoro rrOJIO)KeHII5I paBHO­

BeCH5I K ,ll,pyroMy. Ha OCHOBe ,ll,HCPCPY3IIOHHbIX ,ll,aHHbIX JIerKO OIIeHIITb
lO 

BpeM5I 

Me)l(,ll,y nepeCKOKaMH, KOTopoe OKa3bIBaeTC5I nOp5I,ll,Ka 10- 9 C. 3TO BpeM5I BeCbMa 

BemiKO no cpaBHeHIIIO C BpeMeHaMII :3J1eKTpOHHbIX nepeXO,ll,oB. ITo3TOMY ,ll,HCPCPY-

3HOHHbIMH CMelIIeHII5IMH MOJIeKYJI paCTBOpIlTeJI5I MO)l(HO npeHe6peqb. 

,lJ,JI5I pa3BHBaeMoll HH)l(e TeopHH cYIIIecTBeHHYIO pOJIb HrpaeT ,ll,pyroii BH,ll, ,ll,BH)l(e­

HII5I aTOMOB - HX KOJIe6aHH5I OKOJIO nOJIO)l(eHHll BpeMeHHoro paBHOBeCH5I. CTporo 

rOBOp5I, KOJIe6aHH5I aTOMOB B )l(II,ll,KOCTH He HMelOT rapMOHII'IeCKOrO xapaKTepa. 

O,ll,HaKO, TOJIbKOBrapMOHII'IeCKOM npII6JIH)l(eHHH np06JIeMa 3JIeKTpOHHbIX npoIIeccoB 
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Ai>ua6amu'IeCKafl meOpUfl 3JleKmpOHllbiX npolfecco6 6 paCm60paX 

npFIo6peTaeT BrrOJlHe KOJlFI'IeCTBeHHbIH XapaKTep FI MO)!(eT 6bITb pell1eHa KBaH­

TOBOMeXaHFI'IeCKRM crrOC060M. 

IIOJlJlpR3all,R51 paCTBOpRTeJlJI rrpFI HaJIFI'IRR ROHOB R 3JIeKTpOHa MO)!(eT 6bITb 

rrpe.n,CTaBJIeHa B BR.n,e Po + PI' r.n,e Po FI PI rrOJlJlpR3all,RFI, C03.n,aBaeMble ROHaMR 

FI 3JIeKTpOHOM COOTBeTCTBeHHO. IIoJlJ!pR3all,IUI Po FIMeer CTanI'IeCKRH XapaKTep, 

T . e . CB5!3aHa C rrOJIeM ROHOB COrJIaCHO <popMYJIe 3JIeKTpOCTanIKR .n,WmeKTpllKOB . 

IIoJI5!pR3all,RlO PI B CBOlO O'Iepe.n,b MO)!(HO pa36RTb Ha 3JleKTpOHHYlO 'IaCTb Pc 
FI aTOMHO-OpReHTall,ROHHYlO 'IaCTb Pi' BeJIR'IRHa P e' 06YCJIOBJIeHHa5! rrOJlJ!pIl3a­

lI,ReH 3JleKTpOHOB B MOJIeKYJIaX paCTBOpRTeJI5!, xapaKTepR3yeTC5! BpeMeHeM peJIaKCa­

IIRll Te ~ 10- 15 
C. BpeM5! peJIaKCaIIRR rrOJl5!pR3all,RR, CB513aHHOH C R3MeHeHReM 

Me)!(aTOMHbIX paCCT05!HRH: COCTaBJI5!eT ~ 10 - 13 
C., a xapaKTepHoe BpeM5! opHeH­

Tall,HOHHOH: 'IaCTR rrop».n,Ka 10- 11 
C. CJIe.n,OBaTeJIhHO, MQ)KHO C'IRTaTh, 'ITO Pc 

6e3RHepIIMOHHO CJIe.n,yeT 3a 3JleKTpOHHhIM rrepexo.n,OM, B TO BpeM», KaK Pi R3Me­

H5!eTC5! rrpR 3JIeKTpOHHOM rrepexo.n,e RHepll,MOHHO. 

IIpe.n,cTaBRM raMRJlbTOHHaH CRCTeMhI - ROH, 3JIeKTpOH H pacTBOpRTeJlb B BR.n,e 

(6) 

B 'IaCTb raMRJlbTOHRaHa He, BKJIlO'IeHa KHHeTR'IeCKa» 3HeprH» 3JIeKTPOHa, 3HeprR» 

B3aHMo.n,eHCTBH» 3JleKTpOHa C ROHaMR R 'IJIeH, Y'IHTbIBalOIIIHH: B03.n,eiicTBRe Ha 

3JIeKTpOH rrOJI»pII3all,HM Po, C03.n,aBaeMOH: B paCTBopHTene ROHaMH. 

B Hs co.n,ep)KRTC51 KRHeTR'IeCKa» R rrOTeHlI,RaJIbHa5l 3Hepnl51 paCTBOpRTeJI», 

CB5!3aHHa» C rrOJI»pR3all,ReH: Pi> 3aBHC»IlJ,eii 01 BpeMeHH. HaKOHell" Yes - rrOTeH­

lI,RaJlbHa» 3HeprR» 3JIeKTpOHa, CB5!3aHHa» C BbI3hIBaeMOH: RM rrOJI5lpIl3all,ReH: pac­

TBOpnTeJl» Pi' B raMRJIbT0HHaH He BKJIIO'IeHbI He 3aBRC51IIIne OT BpeMeHR 'IJIeHbI, 

rrpe.n,cTaBJl»IOIIIRe 3HeprRIO B3aHMo.n,eiicTBR5r ROHOB Me)!(.n,y C060H, 3Heprn5I, CB5!-

3aHHa5I C rrOCT05!HHOii 'IaCTbIO rrOJlJ!pH3all,nn Po, R co6cTBeHHa5! 3HeprR5! rrOJI»pR3a­

IIRn Pc. 
B .n,aJlbHeHll1eM MbI 6y.n,eM orryclcaTb RH.n,eKc i, rrOHHMa» rro.n, P HHepll,ROHHYIO 

'IaCTb rrOJIHOH rrOJI»pn3all,HR. 

,[(JI» rrpocToTbI CHa'IaJIa paccMoTpRM CJIY'IaH, Kor.n,a OTCYTcTByeT .n,RcrrepCR5I 

lJaCTOT KOJIe6aHRH (orrTH'IeCKa» BeTBb). B 3TOM CJIY'Iae
5 

271: J( 2 1· 2) Hs = ----; P + ~ P d-r . (7) 

BeJIR'lMHa C 5!BJI5leTC51 OCHOBHbIM rrapaMeTpoM TeopRR R Cm!3aHa co CTaTRlJeCKOH 

.n,R3JIeKTpR'IeCKOH rrOCT051HHOH Bs R rrOKa3aTeJIeM rrpeJIOMJIeHR51 CBeTa n = J eo­
COOTHOll1eHReM 

C = l /eo - l/Bs , (8) 

r.n,e Bo - OrrTH'IeCKa51 .n,R3JIeKTPR'IeCKa5! rrOCT05!IfHa5!. 

,[(JI5! rrOJIY'IeHR5! KBaHTOBoro raMRJIbTOHRami. <PYHKIIRR P R P CJIe.n,yeT pa3JIO-
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JIe«UlJ, J(OZOHa()3e: 

)!(HTb B P5I.n: <l>YPbe 

(9) 

. J(CliWg)".k . P = --- L..., Gke- 1 
"r, Gk = G-k , 

47t V k 

r.n:e V - 06beM OCHOBHOH 06JIaCTH nepHO.n:H'IHOCTH P H P (npe.n:riOJIaraeTC5f, 'ITO 

B .n:aJIbHeHllIeM MOlKHO YCTpeMHTb 06beM V K 6eCKOHe'IOCTH) H nO.n:CTaBHTb B (7). 
Tor.n:a HMeeM 

Hs = t 2: liWO(Q:Qk + G:Gk)· (10) 
k 

CHJIa, .n:eM:CTBYlOI..QaH Ha 3JIeKTpOH co CTOPOHbI P MOlKeT 6bITb 3anHcaHa KaK 

- V .. Yes = e( - 47tP)" 

ECJIH Yes pa3JIOlKHTb B P5I.n: <l>YPbe H no.n:CTaBHTb B :no BblpalKemle, TO nOCJIe cpa­

BHeHHH K03rprpHnHeHTOB npH e
ik 

.. rrOJIY'IaeTC5I: 

V = - l _._- - - Q e . J(47t e
2 ChWo) 2: k ik .. 

es V k k2 k • 
(11) 

113 (11) BH.n:HO, 'ITO 3JIeKTpOH B3aHMO.n:eiicTByeT TOJIbKO C npO.n:OJIbHbIMH BOJIIIaMH. 

I103TOMY BClO.n:y fIHlKe BMeCTO BeKTOpa Q k 6y.n:eM nHCaTb Qk - ero npoeKnHlO Ha k. 
113 (10) JIerKO rrOJIyqHTb raMIiJIbTOHHaH KaK B Koop.n:lIHaTHoM rrpe.n:cTaBJIeHlIlI, 

TaK 1I B rrpe.n:CTaBJIeHlIH BTOplI'IHOrO KBaHTOBamUI, KOTOPbIi1 oco6eHHo y.n:06eH rrpl1 

paCqeTax. 

B nOCJIe.n:HeM CJIyqae BeJIH'fi-iHaM Q k H Gk CJIe.n:yeT conOCTaBlITb orrepaTopbI co­

r JIaCHO CJIe.n:YlOI..QeH 3aMeHe 

(12) 

i + 
Gk -»2 (ak - a_ k ) , 

r.n:e a: 1I ak 5IBJIHlOTCH onepaTopaMH pOlK.n:emiH 1I rrOrJIOI..QeHHH rpOHOHOB, COOTBeT­

CTBeHHO. 

LJ;JIH nOJIY'femUI raMaJIbTOHlIaHa B Koop.n:IiHaTHoM rrpe.n:cTaBJIeHHH OT Qk 1I Gk 
CJIe.n:yeT nepeHTH K .n:eHcTBliTeJIbHbIM BeJIH'IHHaM 
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k x > 0; 

kx ;;;; 0; 
(13) 
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Aoua6amu'IeCKaJl meopufl 3AeKmpOHHbiX npOljeCcoe e pacmeopax 

rrOCJIe '<[ero orrepaTopbI KOOp,I:(HHaT H HMTIYJIbCOB CPOHOHOB MO:>KHO BBeCTH COrJIaCHO 

3aMeHe 

o 
qk -+ qk' gk -+ - i - . 

oqk 

I10,I:(CTaBJI5ISI (13) B (10) H BBe,I:(SI (14), rrOJIY'lHM ,I:(JISI Hs Bblpa:>KeHHe: 

Hs(q) = -~. "J. 'Jiwo (q~ _ (
2

2
). 

k oqk 

C rrOMOllJ,blO (13) H (14) B3aHMO,I:(eiicTBHe (11) MO:>KHO 3anHcaTb KaK 

(14) 

(15) 

PaCCMOTpeHHblii BbIllie cJIY'Iaii Wk =Wo COOTBeTcTByeT IIOJISlpH3aIIHH, 5!BJI5!10-

llJ,eiicSI IIJIaBHOii CPYHKIIHeii KOOp,I:(HHaT. B IIPOTHBHOM CJIY'Iae Heo6xo,I:(HMO Y'IeCTb 

,I:(HCrrepCHlO 'IaCTOT (aKycTH'IeCKa5I BeTBb), ,I:(JI5! 'Iero BO Bcex cpopMYJIaX CJIe,I:(yeT 

IIpoH3BecTH 3aMeHY Wo -+ wk H C -+ c k• B HaCT05!llJ,eii pa60Te wk paCCMaTpHBalOTC5! 

KaK 3MIIHpH'IeCKHe IIOCT05!HHble; cpH3H'IeCKH 3TH 'IaCTOTbI MorYT COOTBeTCTBOBaTb 

BHYTpHMOJIeKYJI5!pHbIM KOJIe6aHH5IM paCTBOpHTeJI5!, HarrpHMep, KOJIe6aHlI5IM O-H 

CB5!3H, H - H CBSl3H, BO,I:(OPO,I:(HOii CB5!3H, a TaK)Ke KOJIe6aHHSlM MOJIeKYJI paCTBopH­

TeJI5! KaK IIeJIOrO (KPYTHJIbHble KOJIe6aHH5! ,I:(HrroJIeii). OTHOCHTeJIbHO aKYCTH'IeCKOii 

BeTBH crreKTpa 'IaCTOT MbI 6Y,I:(eM rrpe,I:(rrOJIaraTb TOJIbKO TO, 'ITO aHa 06pe3aeTC5! 

Ha HeKOTopoii MaKCHMaJIbHOii 'IaCTOTe wD rro aHaJIOrHH C ,I:(e6aeBCKHM crreKTpOM. 

A,I:(Ha6aTH'IeCKa5! TeOpH5! B03MYllJ,eHHii 

Co6CTBeHHble CPYHKIIHH onepaTopa (6) 6Y,I:(eM HCKaTb B a,I:(Ha6aTH'IeCKOM npH6JIH­

:>KeHHH, rrpH'IeM 3a Me,I:(JIeHHYlO rrO,I:(CHCTeMY BbI6epeM CPOTOHbI, a 3a 6bICTPYlO -

3JIeKTpoH. I10CKOJIbKY rJIaBHOii 3a,I:(at leii HaCT05!llJ,eii pa60TbI 5!BJISleTCH HCCJIe,I:(OBa­

HHe peaKIIH ii eJIeKTpOHHoro o6MeHa, Bce KOHKpeTHble paC'IeTbI 6Y,I:(eM rrpHBO,I:(HTb 

HMeHHO ,I:(JISI 3Toro CJIY'laSl. KaK 3TO 6Y,I:(eT BH,I:(HO H3 ,I:(aJIbHeiiIIIero, pa3BHTHH Teo­

pHSI JIerKO MO:>KeT 6bITb rrepeHeceHa H Ha cJIY'Iaii ,I:(PyrHx 3JIeKTpOHHbIX rrpOIIeCCOB 

B pacTBopax. 

,n:JIH IfHTepeCYlOllJ,erO Hac CJIY'IaSl 

r,I:(e R - paCCTOHHHe Me:>K,I:(Y pearHpYlOllJ,HMH HOHaMH, a U1 - 3HeprHH B3aHMO,I:(eii­

CTBHH ::meKTpOHa C rrepBbIM HOHOM H CTaTH'IeCKH rrOJIHpH30BaHHbIM HM paCTBopH­

TeJIeM (U2 HMeeT aHaJIOrH'IHblii CMbICJI). BOJIHOBble CPYHI(IIHH 3JIeKTpOHa,I:(IDI CPHKCH-
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JIe«u'l, /(020HaiJ3e: 

pOBaHHI,IX 3Ha'IeHHR KOOp.n:HHaT <pOHOHOB MQ)KHO onpe.n:eJIHTI, H3 ypaBHeHHR 

[He1('t", R) + Ves('t", q)] Pi't", q) = siq) Pa('t", q), 

[He2('t", R) + Ve2('t", q)] rpp('t", q) = Sp(q) rpp('t", q) . 

Co6CTBeHHble <PYHKI(HH raMHJII,TOHHaHa (10) 6y.n:eM HCKaTb B BH.n:e 

(18) 

(19) 

'l'('t", q) = 2'L~iq)t/JaC't", q) = 2'L1JP(9) rpP('t" , q) = 'L1>,/q) vi't", q), (20) 
ex fJ '" 

r.n:e 

{~a, eCJIH -r = a ; 
1> = 

'" 1Jp, eCJIIr -r = (3 ; 

Ilo.n:CTaBHM (20) B TO'lHOe BOJIHOBOe ypaBHeHHe 

H('t", q) P('t", q) = EP(:, q) , 

eCJIH -r = a; 

eCJIH -r = (3. 

H YMHO)l(HM ero CJIeBa Ha v*(-r, q) H npOBe.n:eM HHTerpHpoBaHHe no 't". 
B pe3YJIbTaTe HeCJIO)l(HI,IX npeo6pa30BaHHR nony'IaeM: 

(41) 

(22) 

{Hs(q) + e,/q) - E} ifJ,/q) = 'L{Ln,(q) -llTT,(q)[Hs(q) + c""(q)-E]}ifJ,,,,(q) , (23) 
",' 

r.n:e BBe.n:eHI,I 0603Ha'IeHHH 

(24) 

(25) 

{
O, 

1ln' = • f v",v,,' d't" , 

-r H -r' = a H a' HJIH (3 H (3' ; 

-r H -r' = a H (3. 
(26) 

B npH6JIH)l(eHHH a.n:Ha6aTH'IeCKOR TeopHH B03MYrn:eHHR onepaTOp L(1) 06I,I'lHO 

Ha3I,IBaeMI,IR onepaTopOM Hea.n:Ha6aTH'IHOCTH, MaJI. 

L(2) npe.n:cTaBJIHeT C060R o6MeHHI,IR HHTerpaJI, KOTOPI,IR npH 60JIbIIIllX R TaK)l(e 

MaJI; no :nOR )l(e npH'IHHe MaJI H BTOPOR 'IJIeH B npaBoR 'IaCTI{ (23). Ilo3ToMY 

K (23) MO)l(HO npHMeHllTb 06bI'IHble MeTo.n:bI TeopHH B03MYrn:eHHR, paccMaTpllBM 

npaBylO 'IaCTI, KaK MaJIYlO BeJIH'IHHY. BOJIHOBI,le <PYHKI(HH HeB03MYw:eHHoro ra­

MHJIbTOHHaHa onpe.n:emllOTCH H3 ypaBHeHHH 

(27) 

KaK HeTpy.n:Ho y6e.n:HTbcH, BTOPOR 'IJIeH B npaBoR 'laCTH (23) B nepBoM npH6JIH)l(e­

HHH TeopHH B03Myrn:eHHR He 6y.n:eT npHBo.n:HTb K nepexo.n:aM Me)l(.n:y pa3HI,IMH 

3JIeKTpOHHI,IMH COCTOHHIDIMH. BepOHTHOCTb 3JIeKTpOHHoro nepexo.n:a no.n: .n:eRCTBH­

eM B03MYlI(eHH5I L(1) 6I,ma BI,I'lHCJIeHa paHeell. B TOR)l(e pa60Te 6I,m paCCMOTpeH 
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Aoua6amu'-IeCKafl meOpUfl 31leKmpOHllblX npoqeccoe e pacmeopax 

CJIY'IaH, KOr,IJ:a 3JIeKTpOHHb1e nepeXO,I:(b1 MOrJIH 6bITb 06YCJIOBneHb1 BTOPbIM 'IneHOM 

B pa3JIO)KeHHH vclt', q) no CTerremIM q, T. e. 'IneHOM rrpOrrOpIJ:HOHanbHb1M q2, 'ITO 

B HeKOTopOM CMbIcne 3KBHBaneHTHO y'IeTy aHrapMOHll'IHOCTH Iwne6aHHH. B 1m­

CT05fIIIeH pa60Te 6Y,I:(eT orrpe,I:(eneHa Bep05fTI-IOCTb rrepexo,I:(a rro,I:( ,I:(eHCTBHeM L(2). 

B ' BH,I:(y Toro, 'ITO 06MeHHbIH llHTerpan paCTeT C YMeHbllIemIeM R, 5fCHO, 'ITO rrpll 

He CJIllllIKOM 60JIbllIllX R, L(2) MO)KeT llrpaTb OCHOBHYlO ponb B 3neKTpOHHbIX nepe­

XO,I:(ax. C ,I:(pyroH CTOPOHb1 II cpll3HqeCKH 60nee pa3YMHO paCCMaTpfIBaTb KaK B03-

MYIIIeHHe qJIeH, yqHTbIBalOIIIllH B3aHMO,I:(eHCTBHe 3neKTpOHa C ,I:(pyrHM HOHOM. 

XOT5f Bep05fTHOCTll 6bIJIll Bb1'IHCneHb1 ,I:(n5f Bcex B03MO)KHbIX B03MymemIH, Bce )Ke 

TPY,I:(HO OIJ:eHllTb Ha'illHa5f C KaKHX paCCT05fHllH L(2) nepeCTaeT 6bITb OCHOBHb1M. 

B HaCT05fmeH pa60Te 6Y,I:(eM nonaraTb, 'ITO rrpll B3aUMO,I:(eHCTBHH 3neKTpOHa 

C paCTBopllTeneM, aTOMb1 npO,I:(On)KalOT COBepllIaTb rapMOHHqeCKHe Kone6aHll5f 

eH qaCTOTb1 Kone6aHHH W k OCTalOTC5f HeH3MeHHb1MH. Flo aTOMb1 paCTBOpllTen5f 

6Y,I:(YT Kone6aTbC5f OKono HOBbIX nOnO)KeHHH paBHOBeCll5f. 3TO 03HaqaeT, 'ITO B~(q) 

RY)KHO pa3naraTb no CTeneH5fM q C TOqHOCTblO,I:(O qneHOB rrepBoro nOp5f,I:(Ka ManOCTll: 

(28) 

q~T onpe,I:(en5flOT paBHOBeCHYlO KOHcpHrypaIJ:lllO paCTBOpHTen5f, COOTBeTCTBYlOllIYlO 

COCT05fHlllO 3neKTpOHa r; ,I:(n5f onpe,I:(eneHll5f Vk't' (18) llnH (19), HY)KHO npO,I:(llcpcpe­

peHIJ:llpOBaTb no qk' YMHO)KHTb CJIeBa Ha v: II npoHHTerpHpoBaTb no 't': 

(29) 

ECJIll Tenepb BOCnOJIb30BaTbC5f 3PMllTOBOCTblO onepaTopa [HeT + Veslll nOJIO)KllTb 

T = i', nonyqHM 

(30) 

raMllnbTOHHaH (27) nocne nO,I:(CTaHOBKll B Hero (28) npHHllMaeT BH,I:(: 

ITo onpe,I:(eJIeHlllO npH qk = q~T nOTeHIJ:llaJIbHa5f 3Heprll51 pacTBOpllTeJI5fllMeeTMllHll­

MyM, n03TOMY 

(31) 

II (27) MO)KHO nepenllcaTb B Bll,I:(e: 

{Hs(q - q~) + BT(q~) + t 2hwkq~:} <l>~n(q) = E~<l>~n(q), 
k 
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JIe6U'l, /(020HaiJ3e: 

HJIH, BBO,n:H 0603Ha'IeHHe 

e,,(q~) + .~ 2,hWkq~; = J" , (32) 
k 

C nOMO:W:bIO (16), (30) H (31) JIerKO nOKa3aTb, 'ITO 

J" = e,,(q~) + cj8n SD~2 d't" , (34) 

(35) 

,n:OJI)KHa 6bITb HHTepIIpeTHpOBaHa KaK HH,n:YKll,HH :meKTpOCTaTH'IeCKOrO IIOJIH, co .. 

3,n:aHHOrO 06JIaKOM 3apH,n:a C IIJIOTHOCTbIO e[tJ,,[2. 

Co6CTBeHHbIe <PYHKll,HH H C06CTBeHHbIe 3Ha'IeHHH onepaTopa (33) JIerKO HaHTH 

BOCIIOJIb30BaBITIHCb peITIeHHeM ypaBHeHHH IIIpe,n:HHrepa ,n:JIH rapMOHH'IeCKOrO 

OCll,HJIJIHTopa: 

E~n = J" + 2,hwk(n k + t) , 
k 

<P~n = TIe- t (Qk- Qk"O)2 Hnk(qk - q~,,), 
k 

(36) 

r,n:e nk KBaHTOBoe 'IHCJIO OCll,HJIJIHTOpa, a Hnk nOJIHHOM lle6bIUleBa-3pMlfTa 

cTeneHHnk• 

BepOHTHOCTb nepexo,n:a 

B BH,n:y Toro, 'ITO cneKTp 3HeprHH KOHe'IHbIX COCTOHHHH KBa3H,n:HCKpeTeH, T. e. 

paCCTOHHHH Me)!(,n:y ypOBHHMH HH'ITO)!(HO MaJIbI, MO)!(HO HCnOJIb30BaTb TeopHIO 

KBaHTOBbIX nepexo,n:OB B HeIIpepblBHbIH cneKTp. BepOHTHOCTb nepexo,n:a 3JIeKTpOHa 

OT o,n:Horo liOHa K ,n:pyroMY B e,n:HHHll,y BpeMeHli BbIpa)!(aeTCH KaK 

(37) 

I1H,n:eKCbI IX H {3cooTBeTCTBYIOT COCTOHHH5IM 3JIeKTpOHa y o,n:Horo li y ,n:pyroro 

HOHa, COOTBeTCTBeHHO; AVn 03Ha'iaeT CTaTHCTH'IeCKOe ycpe,n:HeHHe no Ha'IaJIb­

HOMY COCTOHHHIO <pOHOHOB, KpoMe Toro, npoBo,n:HTCH CYMMl1poBaHHe no BceM 

KOHe'IHbIM COCT05IHli5IM n' C yqeToM 3aKOHa coxpaHeHH5I 3HeprHH, 'ITO ,n:OCTHraeTCH 

BBe,n:eHlieM c5-¢YHKll,HH . ):(JI5I y,n:06CTBa BbI'IHCJIeHHH BMeCTO c5-<PYHKll,liH HanHUleM 

ee cDypbe-pa3JIO)!(eHHe H nepeIII1ITIeM (37) B BH,n:e: 
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A{)ua6amu'IeC1W8 meopU8 3l1e«mpOll1lblX npolfecco« « pacm«opax 

(38) 

BBe,neHlie 3,neCb onepaTopbI Hsa R Hsp COBna,naIOT C raMlUlbTOHRaHOM (33) npR 

'! = CXR'! = /3. 
MaTplf'IHhIH 3JIeMeHT, CTO~lllRH no,n RHTerpaJIOM, 6bIJI Bbl'fHCJIeH MeTo,nOM 

IPeHHMaHa
12 

R nOCJIe CTaTRCTlflleCKoro ycpe,nHeHJ:IH ,nJIH W 12 nOJIY'lRJIOCb BhlpaiKeHRe 

IL~~)12f+ 0)' 1 0 0 2 . . -
W12 = ~ _ 00 exp {z/li(lp - la) t + "2 ~(qk'" - qkP) [I sm Wk t - (2nk + 

+ 1)(1 - coswkt)]} dt, (39) 

eCTb cpe,nHee 'IRCJIO CPOHOHOB C 3HeprlieH liwk npR TeMnepaType T: 

(40) 

K CO){(aneHlilO, 3TOT RHTerpaJI B o6111eM BII,ne BhI'IIICJIliTb He y,naeTC~. KOJIII'IeCTBeH­

Hoe BblpaiKeHlIe ,nJI~ BepO~THOCTli rrepexo,l..(a W 12 MO){(HO rrOJIy'IIITb ,l..(JI~ CJIytIa~ 

OTCyTCTBII~ ,l..(IICrrepClflI 'IaCTOT. BBe,n~ 0603Ha1J.eHIISI 

W12 rrpR Wk == Wo MOiKHO rreperrlICa'rb B BII,ne 

TIOJIYtIeHHbIH RHTerpan, KaK rrOKa3an JI3I<C
13

, MO){(HO CB~3aTb C cpYHKIIlIeH Eec­

cemI MHl1MOrO apryMeHTa I,,(z). IfcrroJIb3YSI pe3YJIbTaT JI3I<Ca, MO){(HO rrOKa3aTb, 'ITO 

PaCCMOTplIM CJIY1J.ail:, rrpe,l..(CTaBJI~IOlllI1H OC06hIH cpII3R'IeCKl1H IIHTepec, a IIMeHHO 

n = 0 R Z ~ 1. BOCrrOJIb30BaBlllRcb aCIIMIlTOTlItIeCKIIM Bhlpa){(eHReM CPYHKIIlIli 

EecceJI~14 
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ez - 1/ 8z 

lo(z ~ 1) ~ -- , 
2nz 
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JJeau'l, )J020Ua03e: 

(43) IIepeIIHWeM B BH,n:e: 

( 
8n2 )t (2) 2 [C/32n J(D~ - D~)2 dr] . 

W 12 = -h2kTcJ(D~ _ D~)2 dr) ILfia I exp - kT --- , 

hwo ~ kT. (45) 

KaK 6bIJIO rrOKa3aHO B pa60Te Ky60
15

, HHTerpaJIbI THIIa (39) MoryT 6bITb BbI'IHCJIe­

]-IbI IIpH6JIH)}{eHHO IIpH kT ~ hwo (3TO IIpH6JIH)}{eHHe MbI 6y,n:eM Ha3bIBaTb BbICOKO­

TelvmepaTYPHbIM). He OCTaHaBJIHBaHCb Ha ,n:eTaJIHX Bbl'lHCJIeHHH, IIpHBe,n:eM Bblpa)}{e­

HHe ,n:JIH W 12 B BblcoKoTeMilepaTypHoM IIpH6JIH)}{eHlIH: 

( 
8n2 )t (2)2 [[Ja-fp +C/8nJ(D~-D~)2drJ2 1]. 

W12 = h 2 kTcf(D~ _ D~)2 dr ILpa I exp - c/2n J(D~ _ D~)2 dr . kT ' 

hwo ~ kT. (46) 

BepOHTHOCTb 06paTHoro IIepexo,n:a W21 MO)}{HO rrOJIy'lHTb H3 (39), 3aMeHHH f3 Ha 

ft.. ECJIH B (39) B HHTerpaJIe c,n:eJIaTb 3aMeHY IIepeMeHHblx t = t' + ih/2kT, a B COOT­

BeTCTBYlOw:eM HHTerpaJIe ,n:JIH W 12 rrepeHTH k t' = - t + ih/2kT, cpaBHeHHe IIOJIy­

'1eHHbIX <P0PMYJI IIOKa3bIBaeT, 'ITO B COOTBeTCTBHH C Tpe60BaHHHMH CTaTHCTH'IeCKOH 

<pH3HKH 

(
fa - f p ) 

W 12 = W 21 exp ~ • (47) 

.ll.JIH <pH3H'IeCKOH HHTepilpeTall,HH rrOJIY'leHHbIX pe3YJIbTaTOB He06xo,n:HMO He­

CKOJIbKO IIo,n:p06Hee paCCMOTpeTb H306pa)}{eHHble Ha pHC. 1 3JIeKTpOHHble TepMbI 

,n:JIH ,n:ByX IIOJIHpH3all,HOHHbIX COCTOHHHH pacTBOpHTeJIH, KOTopble cooTBeTCTBylOT 

,n:ByM pa3HbIM 3JIeKTpOHHbIM COCTOHHHHM (3JIeKTpOH Haxo,n:HTCH y o,n:Horo l1JIl1 y ,n:py­

roro HOHa) . .ll.JIH IIPOCTOTbI HapHcoBaHbI o,n:HoMepHble KpHBble. Ha caMOM )}{e ,n:eJIe, 

KOHe'lHO, KpHBble ,n:OJI)}{HbI l1306pa)}{aTb rroBepxHocTH B rrpocTpaHcTBe N + 1 H3Me­

peHHH, r,n:e N - '1l1CJIO KOJIe6aTeJIbHbIX cTerreHeH cB060,n:bI (B paC'IeTaX CJIe,n:yeT 

IIOJIaraTb 'ITO N -> (0). COrJIaCHO (46) IIpH BbICOKl1X TeMIIepaTypax W12 npoIIop-

1.l,HOHaJIbHa e -/';.E*/kT, rrpH'IeM 

6.E* = [fp - f a + c/8n J(D~ - Dg)2 drJ2 

c/2n J(D~ - D~)2 dr 

-C IIOMOW:blO rrpocTbIX npe06pa30BaHHH HeTpYMo IIOKa3aTb, 'ITO 

6.E* = u* - fa , 

(48) 

(49) 

r,n:e U* - cooTBeTcTByeT rrOTeHll,HaJIbHOH 3HeprHH paCTBOpHTeJIH B TO'lKe IIepeCe'le­

HHH TepMoB q* (pHC. 1). COrJIaCHO TeopHH a6COJIlOTHbIX CKopocTeH peaKll,HH BeJIH­

'1HHa D..E* MO)}{eT 6bITb HHTepilpeTHpoBaHa KaK 3HeprHH aKTHBall,HH ,n:JIH paCCMaTpl1-

BaeMoro npoll,ecca. 

202 Collection Czechoslov. Chem. Commun. 
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B ,lJ,pyrOM npe,lJ,eJIbHOM CJIYlJae, a RMeHHO, npR HR3KRX TeMnepaTypax, BbIpa)l(emle 

.,lJ,JI5I W 12 npR OTCYTCTBRR ,lJ,RcnepCRR lJaCTOT ynpOllJ,aeTCSI, eCJIR RCnOJIb30BaTb 

aCRMllTOTRKY In(z) npl1 z ~ 0: 

liz) ~ z"j2"n!; z ~ o. (50) 

IlocJIe nO,lJ,CTaHOBKR (50) B (43) W 12 npRHRMaeT BR,lJ,: 

. - - - (D~ - D~)2 dT ~ . exp - _ p _ _ a ; kT ~ liwo . 
[ 

C f JJfJ-
Jex (J - J) 

8nhwo ' kT 
(51) 

TaKlfM o6pa30M, BepOSiTHOCTh nepexo,lJ,a R npR Hlf3KlfX TeMnepaTypax npRo6peTaeT 

aKTlfBaIIRoHHYlO ¢OPMY, npR'IeM, POJIh :meprRR aKTRBaIIRR Tenepb RrpaeT BeJIRlJRHa 

(Jp - Ja). Xo,lJ, peaI(IIRR MO)l(HO npe,lJ,CTaBRTb KaqeCTBeHHO CJIe,lJ,YlOllIRM 06pa30M. 

J.1:3 TOQKR q~ (plfC. 1) paCTBOplfTeJIh ¢JIYKTyaIIRoHHO nepeXO,lJ,RT B qt, nOCJIe lJero 

npORCXO,lJ,RT "TYHHeJIhHhIH" nepexo,lJ, B KOHelJHOe COCT05!HRe qr 
u 

z-W 
II I 

PI1C. 1 
3JIeKTpOHHble TepMbl ,D,JIli ,D,BYX llOJIlIpll3a­

l\1l0HHbIX COCTOllHI1M: paCTBOpl1TeJIli 

In kin 

1\ 

1/hwo 

PYlc.2 

OTKJIOHeHlie OT appeHIlYCOBbIX Kpl1BbIX B CTO­

POHY 60nee Me,D,neHHOro y5blBaHIl1i In !V12 

C POCTOM l/kT B rrpOMeJKYTOQHOM: o5nacTIl 

TeMrrepaTYP kT'" hw 

B npOMe)l(YTOlJHOH 06JIaCTR TeMnepaTYP kT '" liw RMeeT MeCTO OTKJIOHeHRe OT 

appeHRycoBhIX KpRBbIX B CTOPOHY 60JIee Me,lJ,JIeHHOrO y6blBaHR5I In W 12 C POCTOM 

IjkT (pRC. 2). 
JIRHeHHa5! 3aBRCRMOCTb In W12 OT I jkT, KOTOpa5! nOJIYlJaeTC5! B TeopRR rrepexo,lJ,­

Horo COCT05!HR5I, 51BJI5!eTC5! CJIe,lJ,CTBReM rrpRMeHeHR5! paBHoBecHblx ¢OPMYJI CTaTR­

CTRlJeCKOH ¢R3RK~. O ,lJ,HaKO, KaK Y)I(e HeO,lJ,HOKpaTHo
16

,17 YKa3blBaJIOCb, rrpRMeHe­

HRe paBHoBecHblx ¢OPMYJI K paccMaTpRBaeMoMY cYIIIecTBeHHo HepaBHoBecHoMY 
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JIe«u'l, /{020Haihe: 

npoIJ;eccy He HBJUJeTCH OnpaB,I(aHHbIM. 1b CKa3amIOro O'IeBH,I(HO, 'ITO 06JIaCTblO' 

npHMeHHMOCTH TeopHH a6COJIlOTHbIX CKopOCTeii HBJIHeTCH kT ~ 'liw. 
KaK nOKa3bIBalOT 3KcnepHMeHTbI, paCCMaTpHBaeMble peaKIJ;HH 3JIeKTpOHHoro 

06MeHa nOBH,I(HMOMY npOTeKalOT COrJIaCHO TeopHH a6COJIlOTHbIX CKopOCTeii, T. e. 

COrJIaCHO BbICOKOTeMlIeparypHOMY npH6JImKeHHIO. 3TOT <paKT MO)l(eT 06JIer'IHTb 

HaXO)l(,I(eHHe napaMeTpa w ~ kTj'li; B 'IaCTHOCTH HCKJIlO'IaeTCH B03MO)l(HOCTb Toro, 

'ITO W COOTBeTcTByeT 'IaCTOTe KOJIe6aHHH 0 - H CBSl3H, KOTopaSi Y,I(OBJIeTBOpHeT 

06paTHOMYHepaBeHCTBY (T. e. 3TO KOJIe6aHHe npH KOMHaTHoii TeMnepaType He 

B036Y)l(,I(eHO). BnpO'IeM CJIe,I(yeT YKa3aTb, 'ITO 3KcnepHMeHTbl 06bl'IHO npOBO,I(lIJIliCb 

B ,I(OBOJIbHO Y3KOM lIHTepBaJIe TeMnepaTYP (280 - 3300
K), npH KOTOPbIX o6Iu;aH 

cpopMYJIa ,I(JIH In W12 MO)l(eT 6bITb annpoKcHMHpoBaHa ,I(OCTaTO'IHO XOPOlliO JIHHeii­

Hoii cpYHKIJ;Heii OT IjkT. 

PaC'IeT TepMO,I(HHaMHqeCKHX BceJIH'IHH 

KpOMe 3HeprHH aKTHBaIJ;llH b..E* Heo6xo,I(HMO 3HaTb H ,I(pyrHe TepMO,I(lIHaMH'IeC­

KHe BeJIH'IHHbI, TaKHe KaK cBo6o,I(HaH 3HeprHH aKTHBaIJ;HH b..F* H 3HTponHH aKTHBa­

IJ;HH b..S*. COrJIaCHO H3BeCTHoii cpoPMYJIe CTaTHCTH'IeCKOii CPH3HKH HMeeM: 

b..F* = F* - F~ = - kTln z*jz~, (52) 

r,I(e z* H z~ - eCTb CTaTHCTH'IeCKHe CYMMbI ,I(JIH aKTHBIIpOBaHHoro II Ha'IaJIbHOrO 

COCTOHHHH, COOTBeTCTBeHHO. IIoCKOJIbKY HaiiTH Za He rrpe,I(CTaBJIHeT HIIKaKoro 

TpY,I(a, rrp06JIeMa COCTOIIT B BbI'IHCJIeHlIli z*. 
IIOTeHIJ;IIaJIbHYIO 3HeprIIlO CHCTeMbI B aKTHBHpoBaHHoM COCTOHHHII MO)l(HO 

HaiiTII H3 nepeCe'IeHHSI ,I(ByX TepMoB 

Uiq) = Ja + t "L'liWk(qk - q~,,/ , 
k (53) 

Up(q) = Jp + t "L'liWk(qk - q~!J)2 . 
k 

KaK OTMe'IaJIOCb BbIIIIe, aKTIIBaIJ;HoHHbIMII BeJIH'IHHaMH MO)l(HO nOJIb30BaTbCSI 

TOJIbKO npH BblCOKHX TeMllepaTypax, n03ToMY CTaTHCTH'IeCKHe CYMMbI CJIe,I(yeT 

BbI'IHCJIHTb B KBa3HKJIaCCH'IeCKOM npH6JIH)l(eHHH, T. e. KOr,I(a 

z = fex p [_ E(P,. Q)] IT dP ~g . 
kT hN 

(54) 

IIPII paC'Iere za 3HeprHlO CIICTeMbI CJIe,I(yeT 3anHcaTb B BH,I(e 

HCKOMoe OTlIOIIIeHHe CTaTHCTH'leCKHX cyMM onpe,I(eJIHeTCH COrJIaCHO (54) II3 Bbl­

pa)l(eHlIH 
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Aoua6amu'IeCKafl meopu!l :'!JleJ(mpOllllblX npoljeCCOIJ (J paCm60paX 

z* (
1 )N-l f2(N-l)f _~ *N-l 

-h ... e kT dS IT dPk 
S* k 

(
1)Nf2Nf Eo< N h ... e -kf r:r dPk dQke< 

(56) 
z~ 

I1oBepxHOCTb HHTerpMpOBamr~ B qMCmneJIe S* COrJIaCHO (53) rrpeACTaBJI.sIeT C060H 

rrJIOCKOCTb B N-MepHoM rrpocTpaHcTBe 

S* -+ 2w~Q~o< Qk~ = J(J - J~ + t LW~ Q~~ ; 
k 

IIpoMHTerpMpoBaB BbIpa)l(eHlIe B "lIIICJIIITeJIe rro MMrrYJIbCaM, a Bblpa)l(eHMe B 3Ha­

MeHaTeJIe rro BceMY tPa30BoMY o6beMY, rrOJIyqaeM 

z* _ J(2nh
2

) (J~) (N J( w~ )) IN-If ( J~ + t fW~Q~o<) .- - -- exp - IT - - ... , exp - dS* . 
z~ kT kT k 2nkT s' kT 

(58) 

)l,JI~ Bbl'IMCJIeHM~ 3Toro MHTerpaJIa HY)I(HO rrpOM3BeCTM HeKOTOpylO 3aMeHY nOA 

llHTerpaJIOM, KOTopa~ CBOAMTC~ K paCT~)I(eHMlO (WkQk" = t k) M TaKOMY rrOBopOTY 

N - I-MepHoro rrpOCTpaHCTBa, q'ro6bI TOqKa Q~", OKa3aJIaCb Ha OAHOH M3 HOBbIX 

oceH. IIocJIe TaKoro rrpeo6pa30BaHM~ McreOMbIH MHTerpaJI MO)l(HO rrpMBeCTM I( rrpo­

H3BeAeHI1lO MHTerpaJIOB raycca. 

B pe3YJIbTaTe rrOJIyqaeTC~ CJIeAylOu.\a~ tP0pMYJIa: 

(59) 

(60) 

Bblpa)l(eHMe AJI~ t::,.S*, KOTopoe AOJI)I(HO 6bITb MHTeprrpeTMpOBaHO Kare 3HTporrM~ 

areUlBaI.\MM, rrpMHMMaeT oco6eHHo npocToH BMA npM OTCYTCTBHH AMcrrepCMM qaCTOT 

t::,.S* = - k In kT/hwo . (61) 

yqMTbIBa~, qTO Bce tPOPMYJIbI, BbIBeAeHHhIe B 3TOM rraparpatPe, crrpaBeAJIMBbI 

TOJIbreO rrpM kT ~ hwo, M3 (61) BbITeKaeT, qTO 

t::,.S* < O. (62) 
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JIe«UIJ, jJozoHaiJ3e: 

KOHCTaHTa CKOPOCTH peaKll,HH 

QTo6hI CB5I3aTh W12 C KOHCTaHTOH CKOPOCTH peaKll,HH, Heo6xo)J,HMO BhIBeCTH KH­

HeTH'feCKOe ypaBHeHHe peaKll,HH. ,nJI5I rrpOCTOThI paCCMOTpHM peaKll,MlO (1); O)J,HaKO, 

KaK :no 6Y)J,eT BH)J,HO M3 paC'leTa aHaJIOrH'lHhle pe3YJIhTaThI MoryT 6hITh rrOJIY'leHhI 

H )J,JI5I JI106hIX peaKll,HH 3JIeKTpOHHOrO 06MeHa. 

0603Ha'IHM KOHll,eHTpall,MH Fez +, Fe*+z, Fe
3
+, Fe*3+ 'Iepe3 CZ' C;, C3, C;, COOT­

BeTCTBeHHO. 

qHCJIO HOHOB Fe*2+, KOTOpOe o6pa3yeTC5I B e)J,MHHll,e 06'heMa 3a BpeM5I dt, 
MO)!(HO 3arrHCaTh B BH)J,e 

dc; = (ezp - c;p*) dt , (63) 

r)J,e p Bep05ITHOCTh Toro, 'ITO )J,aHHhIH HOH Fe2 + rrepeH)J,eT B Fe3 + B e)J,HHHll,y 

BpeMeHH, p* HMeeT aHaJIOrH'IHhIH CMhICJI. IIOCKOJIhKY 'IHCJIO HOHOB F e*3 + B 3JIeMeHTe 

06'heMa dv, pacrrOJIO)!(eHHOM Ha paccTo5IIiHFI R OT Fe
Z

-
l
" paBH5IeTC5I cj' exp (-ljJ(R) / 

/kT) dv, a Bep05ITHOCTh rrepexo)J,a 3JIeKTpOHa B e)J,HHHll,y BpeMeHH eCTh W1Z, p MO)!(HO 

rrpe)J,cTaBHTh B BH)J,e: 

p = Sw1z(R) c'i exp (- ljJ(R)/kT) dv == k1Zc; , (64} 

r)J,e ljJ(R) eCTh 3HeprH5I B3aHMo)J,eHcTBH5I HOHOB Fez + H Fe*3+, HaXO)J,5I1I.l,HXC5I Ha 

paCCT05IHHH R. 
AHaJIOrH'IHO )J,JI5I p* HMeeM 

IIocJIe rrO)J,CTaHOBKH (64) H (65) B (63), rrOJIY'IaeM HCKOMoe ypaBHeHHe 

dci /dt = k12(C2C~ - c;c3) . 

HarrHUIeM peUIemle 3Toro ypaBHeHH5I rrpH CJIe)J,YlO1I.l,eM Ha'IaJIhHOM YCJIOBHH 

(65) 

(66) 

(67) 

flerKo BH)J,eTh, 'ITO B JI1060H MOMeHT BpeMeHH HMelOT MeCTO CJIe)J,YlO1I.l,He COOTHO­

UIeHH5I 

(68) 

CJIe)J,OBaTeJIhHO, (66) MO)!(HO rrepemlcaTh KaK 

dei /dt = kd(c20 - ci)(cjo - ci)] - k 12c;'z = - k 12(czo + c~o) c'i + k 12c20C;O 

(69) 
PeUIeHHe 3Toro ypaBHeHH5I C Ha'IaJIhHhIM YCJIOBHeM (67) HMeeT BH)J, 

(70} 
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Aoua6amu'ieCKaJl meopuJI :lIleKmpOHllblX npOl{eCC06 IJ pacmIJopax 

IIpH t ~ 00, KaK BH)l;HO H3 (70) 

(71)-

II03TOMY (70) MO:>KHO rrepeIIHcaTb B BH)l;e 

In (1 - c~,! c~'"J = - k 12(C 2 0 + c~'o) t . (72) 

<l>0pMYJIa (72), KaK H3BeCTHO, BrrepBhle 6hIJIa rrOJIyqeHa MaK-KeeM 18 • 

BeJIll'Hma k12' KOTOpa5I 6hIJIa orrpe)l;eJIeHa B (64) eCTb KOHCTaHTa CKOPOCHI pe­

aKIlHH, orrpe)l;eJI5IeMa5I Ha orrhne. IIpH MaJlhIX KOHIleHTpaIlH5IX B KaqeCTBe t/I(R) 
MO:>KHO HCrrOJIb30BaTh )l;e6aeBCKHH rrOTeHI~HaJI 

(73) 

r)l;e K o6paTHa5I )l;e6aeBCKa5I )l;JIHHa. O)l;HaKo, H3 cpH3H'!eCKHX co06pa:>KeHHH 5ICHO, 

'ITO 11K MHOrQ 60JIbIIIe, qeM paCCT05IHHe, Ha KOTOPOM y6bIBaeT w12(R) H 3KcrroHeHTY 

B (73) MO:>KHO 3aMeHHTh e)l;HHHIleH, T . e. CqHTaTb, 'ITO t/I(R) BhIpa)KaeTC5I cpOpMyJIOH 

TaKHM 06pa30M 

k12 = 4nS~wdR) exp (- 6e2/BsRkT) R2 dR, 

Hmr, rrO)l;CTaBJI5I5I 3HaqeHHe W12 H3 (45) C yqeTOM (48) H (59) rrOJIY'laeM 

(74) 

(75) 

kTfCO ( 512n
6 )t (2) 2 ( 6.F* + 6e

2
/BsR) 2 

k12 = h 0 n,zw~kTc S(D~ _ D~)2 dv ILIl a: 1 exp - kT R dR. 

(76) 

QTo6hI rrOJIyqeHHOe Bhlpa:>KeHHe )l;JI5I k12 CpaBHHTb C H3BeCTHOH cpOpMyJIOH Teo­

pHH a6COJIlOTHbIX CKopocTeH peaKIlHH 

kT * 
k12 = h K exp (- 6.F /kT) , (77)-

6e' 
MhI BOCrrOJIh3yeMC5I HHTerpaJIhHOH TeOpeMOH C Cpe)l;HeM. MHO:>KHTeJIh R 2 e - ~sRkT 
pe3KO y6hIBaeT C YMeHhIIIeHHeM R H paCTeT KaK R2 rrpH pOCTe R, OCTaJIhHa5I :>Ke qaCTh 

rrO)l;HHTerpaJIhHOrO Bhlpa:>KeHH5I pe3KO rra)l;aeT C YMeHhIIIeHHeM R. IIo)l;HHTerpaJIhHa5I 

CPYHKIlH5I )l;OCTHraeT MaKCHMYMa rrpH HeKOTOpOM R = R H HMeeT )l;OBOJIhHO MaJIYlO­

IIIHPl'IHy Iff?. 

IIo)l;HHTerpaJIhHYlO CPYHKIlHlO MO:>KHO BhIHeCTH 3a 3HaK HHTerpHpOBaHH5I B TOqKe R 
H )l;OMHO:>KHTh Ha oR, B pe3YJIhTaTe qero MhI rrOJIyqHM Bhlpa:>KeHHeB TOtIHOCTH COBrra-

)l;alOIIlee C (77), rrpHqeM " 
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JIe!JU'l, j(020Haihe: 

:a Tp aHCMHCCHOHHh1ll K03<pqmD;HeHT Bh1pa)KaeTC51 <P0PMYJIOll 

_ ( 512n
6 )t L(2) 2 Jj?2 oR 

K - h2())~kTc HD~(R) _ Dg(R) ] dv I fi '" I . (79) 

)],JI51 cpaBHeHH51 C OnhITOM CJIe,n:yeT nOJIh30BaTbC51 Bh1pa)KeHHeM (78) ,n:1151 cBo6o,n:­

HOll 3HepmH aKTHBaD;HH H Bh1pa)KeHHeM (80) ,n:JI51 3HeprHll aKTHBaD;HH: 

6e
2 

C f - 6e
2 

!:lE '" = !:lE*(R) + ----= = - [D~(R) - Dg(R)]2 dv + --=- . 
esR 32n esR 

(80) 

3Ha51 BOJIHOBYlO <PYHKD;HlO 3d-3JIeKTpOHa HOH3 Fez +, Haxo,n:5IID;erOC51 B Bo,n:e, MO)KHO 

6hIJIO 6h1 Bh1'IHCJIHTb HHTerpaJI, BXO,n:51IIIill1 B (80) H TeM caMh1M onpe,n:eJIHTh !:lE'" 
KaK <PYHKD;lflO OT R. O,n:HaKo, ,n:JI51 OD;eHKH BeJIH'IIfHh1 !:lE'" Mh1 MO)KeM BOCnOJIh30-

BaThC51 Mo,n:eJIhlO )KeCTKHX npOBo,n:51IIIIfX ccpep, npe,n:JIQ)KeHHOll MapKycoM19 : 

r ' < a; r l't - RI < a; 

D~ = e't D~ = e('t - R) 
7' , f; a; 

l't - R13 ' 
l't - RI f; a, 

(81) 

r,n:e a - paJ],lfyc c<pephI. B 3TOM CJIyqae: 

(82) 

)],1151 orrpe,n:eJIeHH51 R 6e3 rrpHBJIeqemUI 3KcrreplfMeHTaJIbHh1X J],aHHb1X Heo6xo,n:HMO 

60JIee ,n:eTaJIbHO IfCCJIeJ],OBaTh HHTerpaJI (76). OJ],HoBpeMeHHo Mh1 YJ<a)KeM cnoco6, 

KaKIfM MO)KHO OD;eHHTb BeJIJ!I-IHHY k 12 , ecmi B KaqeCTBe BOJIHOBhlX <PYHKIIHH 3JIeKTpO­

Ha B351Tb CJIellTepOBcKHe <PYHKIIHH. PaccMa TpHBa51 B KaqeCTBe npHMepa peaKD;HlO 

(1), 3amlIlleM BOJIHOBYlO <PYHKIIMlO 3JIeKTpOHa B BHJ],e: 

Z3~)cjJ 6,25 
Cf. = - --- = ----

h3rjJcjJaOeS 3aoes 

(84) 

CJIeJ],Y51 npHH51TOMY B TeoplfH nOJIyrrpOBO,n:HMKOB MeToJ],Y, BMeCTO 60poBcKoro 

pa,n:Hyca ao MhI BBeJIH BemlqHHY B es pa3 60JIhlllYlO J],JI5I yqeTa pacTBopJfTeJI51. BhI60p 

yrJIOBOll qaCTH BOJIHOBOll <PYHKD;HM (83) 06YCJIOBJIeH TeM, 'ITO HMeHHO "'3dz
2

, CpYHK­

D;HH ,n:alOT HaH60JIblllee nepeKphITHe. )],JI51 ynporu:eHlf51 paC'IeTOB <PYHKIIH51MH (83) 

·6y,n:eM nOJIh30BaThC51 TOJIhKO ,n:JI51 onpeJ],eJIeHH51 o6MeHHoro HHTerpaJIa L~;) B OCTaJIh­

Hh1X )Ke BeJIHqHHaX 6YJ],eM npHHHMaTh, 'ITO cnpaBe,n:JIHBO ,n:onyru:eHHe (81) . 
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AiJua6amu'leCKafl meOpUfl 3JleKmpOllllbiX npOljeCcolJ IJ pacmIJopax 

BbI6epeM B KalfeCTBe U2 ('f:, R) Bblpa)l(emre 

(85) 

flocJIe npOCTbIX, HO ,n:JIHHHbIX Bbl'fIICJIeHHH: (IIHTerpaJI CJIe,n:yeT 6paTb B 3JIJIHIITH'IeC­

KHX KOOp,n:HHaTaX) 6bIJIa nOJIY'IeHa cpOpMyJIa: 

== P s(R) exp (- rxR) . (86) 

T. K. KOpeHb, CT05ImHH: no,n: HHTerpaJIOM B (76) MeH5IeTC5I OlfeHb Me,n:JIeHHO, ero MO)l(­

HO BbJHeCTH 3a 3HaK HHTerpHpOBaHH5I H k12 3arrHcaTb B BH,n:e: 

k12 = - - - exp( - ce2 /4akT) P1 zCR) exp - 2rxR - - - - .- dR, 47tJ( 7ta ) f co [ (6 c) e2 

] 

he ckT 0 es 4 kTR 

(87) 

r,n:e ,n:mr nOflHHOMa 12-oH: CTerreHH R2 P;(R) BBe,n:eHO 0603Ha'feHHe P l2 (R). ECflH ClfH­

TaTb, 'fTO es He 3aBHCHT OT R, HHTerpafl B (87) MO)l(eT 6bITb BbIlfHCfleH TO'fHO. )J,eH­

CTBHTeflbHO, 0603Ha'fHB (6/es - !c) e2/kTR lfepe3 y MO)l(HO rrpe,n:CTaBHTb HCKOMbIH 
12 

HHTerpaJI B BH,n:e CYMMbI "J,A,,I,,, r,n:e
l4 

x=2 

III = S~R"exp(- 2rxR - y/R)dR = (2rxt- 1 S~exp(- t - 8rxy/4t)t- 1 -(n-1)dt = 

(88) 

TaKHM 06pa30M HHTerpaJI (85) Bblpa)l(aeTC5I 'fepe3 CPYHKIIHIO MaK,n:oHaflb,n:a. KaK 

BH,n:HO H3 (88) TaKOH paC'feT cnpaBe,n:flHB ,n:fl5I 3fleKTpOHHoro o6MeHa Me)l(,n:y H30TO­

IIaMH C 3ap5I,n:aMH Z H Z + 1 JIHlIIb IIpH YCflOBHH, 'ITO Y > 0, T. K. rx BCer,ll.a rrOJIO)l(H­

TeJIbHO. 

3TO 03Ha'iaeT, 'ITO 

Z(Z + 1) c 
- - - - -> 0, 

es 4 

HJIH nOCJIe rrpocTbIX rrpeo6pa30BaHHH: 

(89) 

flpHBe,n:eHHbIH: paclfeT 5IBJI5IeTCH ,n:OCTaTO'IHO CTPOrFIM, eCJIH no,n:HHTerpaJIbHOe 

Bblpa)l(eHHe B (87) ,n:OCTHraeT MaKCHMYMa npH TaKOM RM , Kor,n:a es MO)l(HO C'fHTaTb 

Y)l(e He3aBHC5ImeH OT R. RM MO)l(HO OIIeHHTb IIpHpaBH5IB HYflIO npOH3Bo,n:HYIO OT 
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JIe6u1l, J(02oHao3e: 

IIOKa3aTeJI51 3KCIIOHeHTbI B (87), OlHTa51 es He3aBHC51meH OT R: 

- 2a + I'/Ro;J = 0, R~ = = 1'/2a. (90) 

O,n:HaKO, B BH,n:y HaJIH'lH51 P12(R) IIO,n: HHTerpaJIOM, RM 6y,n:eT HeCKOJIbKO 60JIbIIIe R~ 
)J;JI51 peaKIIHH (1) YCJIOBHe (89) Tpe6yeT, 'IT06bI es < 45. K CO)l(aJIeHHlO, 3aBHCH­

MOCTb e
s 

OT R Tpy,n:HO HCCJIe,n:OBaTb TeOpeTH'IeCKll . O,n:HaKo, ,n:aHHbIe fleH,n:JIepa
20 

IIOKa3bIBalOT, 'ITO e
s 

< 45 IIpH R < 5 A. OTClO,n:a CJIe,n:yeT, 'ITO HaH60JIee Bep051THOe 

paCCT051Hlle, IIpll KOTOPOM IIPOllCXO,n:HT 3JIeKTpOHHbIH nepexo,n: B peaKIIHH (1) 
OKa3bIBaeTC51 MeHbIIIe 5 A. I1PH paccMoTpeHHH peaKIIHH 06MeHa Me)l(,n:y HOHaMH 

C 3ap51,n:aMH 3 H 4 YCJIOBHe (89) BbIIIOJIH51eTC51 aBTOMaTH'IeCKH, a YCJIOBHe (90) 

MO)l(HO 3aIIHcaTb KaK 

R~ = 13,9 J( n,c!>c!» A . 
Z'c!>c!> " 

(91) 

I103TOMY MO)l(HO O)l(H,n:aTb, 'ITO RM ,n:OCTaTO'IHO BeJIHKO, 'ITO II03BOJI51eT He Y'IHTbI­

BaTb 3aBHCHMOCTb e
s 

OT R. HanpHMep, ,n:JI51 peaKIIHH 3JIeKTpOHHoro 06MeHa B CHCTe­

Me Ce3+ - Ce4 + R~ OKa3bIBaeTC51 IIop51,n:Ka 8,2A (n,c!> IP = 4, z'c!>c!> = 11,4), T. e. 

pa3BHTYlO BbIIIIe cxeMY ,n:Jl51 BbI'IHCJIeHHH k12 MO)l(HO HCIIOJIb30BaTb C xopoIIIeH 

CTeneHblO TO'IHOCTH. 

I1ornomeHHe CBeTa aHHOHaMH 

llcnoJIb30BaHHaH BhlIIIe a,n:lla6aTH'IeCKa51 TeOpH51 B03MYmeHllH MO)l(eT 6bITb 

npHMeHeHa He TOJIbKO K peaKIIllHM :meKTpOHHoro 06MeHa THna (1)-(4), HO H K ,n:py­

rHM 3JIeKTpOHHbIM npoIIeccaM B pacTBopax. HH)l(e MbI BKpaTIIe H3JIO)l(HM pe3YJIhTa­

ThI, nOJIY'IeHHbIe ,n:JI51 nOrJIOmeHHH CBeTa F - IIeHTpaMH B nOJIynpOBo,n:HllKax, HMeH 

: ---0J 
" ----- -<::, I 

I I 

B BH,n:y, 'ITO nOJIY'IeHHble TaM Q:>0PMYJIhI nOJI­

HOCThlO MoryT 6hITh nepeHeceHbI Ha CJIY'IaH 

nOrJIOmeHHH CBeTa raJIOll,n:HbIMH HOHaMH. 

PMc.3 

TepMhI, COOTBeTCTBYIOIIIMe ,uBYM pa3HhIM 3JIeKTpOHHhIM 

COCT05lHM5IM 

Ha pHC. 3 H306pa)l(eHbI TepMbI, COOTBeTCTBYlOmHe ,n:ByM pa3HbIM 3JIeKTpOHHbIM 

COCTOHHHHM: Ua H Up CYTb nOTeHIIHaJIbHble 3HeprHH paCTBOpHTeJIH B COCT051HHX, 

Kor,n:a 3JIeKTpOH Haxo,n:llTC51 y raJIJIOH,n:Horo aTOMa H B nOJI5lpOHHOM COCT051HllH (no,n: 

nOJI51pOHOM, KaK 06bI'IHO, 6y,n:eM no,n:pa3YMeBaTb 3JIeKTpOH, Haxo,n:51mllHCH B nOJI51-

pH3aIIHOHHOH 5lMe, C03,n:aHHOH caMHM 3JIeKTpOHOM). B COrJIaCHH C 06bI'IHOH Teo-
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AiJua6amu'leCKall meopull 31leKmpOllllblX llpOlJeCCo« « paCl1160paX 

pHeH MOJIeKymlpHhIX CneKTpOB paCqeT nOKa3aJI (CM., HanpHMep, pa60Ty JhKca13). 

qTO cpe,n:Hee 3HaqeHHe norJIOmaeMOH (HJHI IlcnYCKaeMOH) 3HepfHll CBeTa hVa (HJIK 

Ii Ve) paBH5IeTC5I paCCT05lHll1O Me)l(,n:y TepMaMIl npH nOJI5IpH3aU:IlH, COOTBeTCTBYlO­

meH q~ (IlJIH qg): 

(92) 

h - c f 0 2 
Ve = Jp - Ja - ~ (D p - D~) d't'. (93) 

C nOMOmblO (34) MO)l(HO 3anllcaTb (92) B Bll,n:e: 

OKouqaTeJIbHO nOJIyqaeM 

(94) 

<l>H3HqeCKH (94) 03HaqaeT, qTO AmI: HaXO)l(,n:eHH5I hVa CJIe.n:yeT HaHTH OCHOBHOH: 

H nepBblH B036Y)l(,n:eHHhIH ypoBeHb 3JIeKTpOHa npHQ:>HKcHpoBaHHoH HaqaJIbHOH 

nOJI5IpH3aU:HH, onpe,n:eJI5IeMOH Koop.LlHHaTaMH q~. Pa3HocTb 3THX 3HeprHH ,n:aer 

cpe,n:HlOlO 3Heprll1O cBeTa, norJIollJ,aeMYlO HOHOM raJIJIOH,n:a. 3TOT pe3YJIbTaT Ha­

XO,n:IlTC5I B COrJIaCHH C Mo,n:eJIblO, npHH5ITOii <l>paHKoM H IIJIaU:MaHoM
3

• O,n:HaKO, 

3TH aBTopbI npH BblqHCJIeHHH hVa nOJIaraJIH, qTO 3HepnI5I 3JIeKTpOHHOii nOJI5IpH3a­

U:HH Pe MeH5IeTC5I npH 3JIeKTpOHHOM nepexo,n:e. ECJIIl BCTaTb Ha TaKYlO TOqKY 3pe­

HH5I, TO Bce BbIBO,n:bI HaCT05lllJ,eii pa60TbI ,n:OJI)I(HbI 6bITb OTBeprHYTbI, T. K. MbI npe,n:­

nOJIaraJIH, qTO P e ,6e3HHepU:HOHHO CJIe,n:yeT 3a 3JIeKTpOHHhIM nepexo,n:OM. C ,n:pyrOH: 

CTOPOHhI, B YKa3aHHoii pa60Te cymeCTBeHHO HCnOJIb30BaJIC5I napaMeTp C (CM. (8) 
HaCT05lllJ,eii pa6oThI), KOTOPblii Tep5leT CMhICJI, eCJIH TOJIbKO nOJIHYlO nOJI5IpH3aU:HIO 

HeJIb351 pa36HTb Ha HHepU:HoHHYlO H 6e3HHepU:HOHHYlO qaCTH. 

B 3aKJIlOQeHHe YKa)l(eM, QTO B pa60Te JhKca 13 6bIJIa nOJIyqeHa TaK)I(e Q:>oPMYJIa 

,n:JI5I umpHHbI nOJIOCbI uOrJIOmeHH5I: 

IIpH BbICOKHX TeMllepaTypax (kT ~ ;"0)0) 3Ta Q:>oPMYJIa upllHHMaeT BH,n:: 

(95) 
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JIe6U'l, /fo2oflaihe: 

TCMncpaTYPHaH 3aBHCHMOCTh hv" 06YCJIOBJICHa TOJIhKO TCM, 'ITO q~ 3aBHCHT 

qCPC3 C OT B.,T. C. OT TCMnCpaTyphI. illHpHHa nOJIOChI COrJIaCHO (95) 3aBHCHT OT 

TCMncpaTyphI KaK T~ . OTBJICKaHCh OT 3aBHCHMOCTH c(T) npH H3MCHCHHH TCMncpa­

TyphIOT lOoe ~o 500 e llIH:pl1Ha nOJIOChI YBCJIHqHBaCTCH, KaK 3TO MO)KHO BhIqHCJIHTh 

H3 (95), Ha 7%, 'ITO ~OBOJIhHO XOPOIliO corJIaCYCTCH C 3KcncpHMCHTaJIhHOM BCml'lH­

HOM 5% 21. HCKOTOPOC 3aBhIllICHHC BhI'lHCJICHHOM BCJIHqHHhI MO:>KHO npHnHcaTh 

3aBHCHMOCTH c OT T. 

06CY:>K~CHHC PC3YJIhTaTOB 

B HaCTOHIIICC BpCMH HMCCTCH UCJIhIH PH~ . pa60T, nOCBHIIICHHhIX paC'lCTY KOH­

CTaHThI CKOPOCTH pCaKUI1H 3JICKTpOHHoro 06MCHa B paCTBopax. OCHOBhIBaHCh Ha 

TCOpHH a6COJIlOTHhIX CKOPOCTCH peaKUHM, aBTophI 3THX pa60T npC~CTaBJIHlOT BC­

POHTHOCTh ncpcxo~a W 12 B BH~C IIpOH3BC~CHHH 

(96) 

r,Ll;C Ws - BCPOHTHOCTh 06pa30BaHHH aKTHBHpOBaHHoro KOMnJICKCa, a W e BCpO-

HTHOCTh 3JICKTpOHHOrO nCpCXO,Ll;a B aKTHBHpOBaHHOM COCTOHHI111. 

ECJIH B O,Ll;HHX pa60Tax
22

,23 Bhl'lliCJIHCTCH BCJIHqHHa We a Ws paCCMaTpHBaCTCH KaK 

BCJII1'IHHa 3MmrpH'ICCKaH, TO B ,LI;PyrHx
19

, HanpOTHB, OrpaHl1qHBalOTCH BhI'IHCJICHHCM 

BCPOHTHOCTH WS' 

HaH60JIcc HHTCPCCHOM H 6JII13KOH K TCOPHI1, pa3BHTOM 3,L1;CCh, HaM npC,LI;CTaBJlHCTCH 

pa60Ta MapKyca, KOTOPhIU BhI'IHCJIHJI cBo6o~HYlO 3HCprl11O aKTHBaUHH 'lHCTO 

TCpMO,Ll;I1HaMII'ICCKHM nYTcM. ,n:JIH Toro, 'lTo6hI YKa3aTh KOJII1'lCCTBCHHhIH KPHTCPHH 

npI1M:!HIIMOCTH CP::>PMYJI MlpKyca, npOBe,Ll;CM CJIC,LI;YlOIIII1C paccY:>K,LI;CHI1H. 0603Ha'lHM 

BpCMH )l(II3HI1 aKTHBl1pClBaHHoro KOMIlJICKCa 'lCPC3 .. * = 2rr:/wo, a qCPC3 1!e(R) -
qaCToTY 3JICKTpOHHoro o6MeHa MC)l(,LI;Y HOHaMI1, HaXo,Ll;HIIIHMI1CH Ha paccToHMHH 

R ,LI;pyr OT ~pyra. ECJII1 R TaKOBO, 'ITO veeR) .. * ~ 1, T. C. 2rr:ve(R) ~ W o, TO MO)l(HO 

C'lHTaTh, 'ITO We ~ 1. B qaCTHOCTH ,LI;JIH "pe30HaHCHOH nCpe3apH~KII" (pCaKUHH 

THna (1» We = t· KpRTHqCCKOC paCCTOHHHC Rc OnpC,LI;CJIHCTCH H3 YCJIOBHH 

(97) 

BCJIH'IHHY veeR) MO)l(HO OUCH 11Th TOqHO TaK:>KC, KaK 3TO ~CJIaJIOCh B pa60Tc JIH6-

6H
24

, BI1,L1;OH3MCHRB BOJIHOBYlO CPYHKUJillO 3JICKTpOHa ~JIH yqCTa HaJIH'lIiH ,LI;lBJICKTPH­

qCCKOH CpC,LI;bI (MO)l(HO HCrrOJIh30BaTb TaK)l(C BOJIHOBYlO CPYHKURlO THrra (83». 
Hco6xo,Ll;HMOCTh TaKoro pO,Ll;a 0UCHKH 06YCJIOBJICHa TCM, 'ITO npH paCqCTC Y,LI;CJIhHOH 

KOHCTaHThI CKOPOCTH pcaKURR k12 3apaHCC HCJIh3H YKa3aTh paCCTOHHHH R, KOTOPhIC 

6Y,LI;YT HTpaTh 3Ha'lHTCJIhHYlO POJIh B 3JICKTPOHHhIX ncpCXO,Ll;ax. PaCXO:>K,LI;CHHH pa3-

BHBaCMOH TCOpHH C BhIBO,Ll;aMI1 MapKyca CBH3aHhI C O,Ll;HOH CTOPOHhI C HCrrpaBHJIh­

HhIM KaK HaM npC,LI;CTaBJIHCTCH paC'lCTOM 3HTponHH aKTHBaUHR H, C ,LI;PyroH CTOPOHhI, 

C TCM cp.aKTOM, 'ITO B YKa3aHHOH: pa60TC BCPOHTHOCTh ncpcxo,Ll;a paccMaTpHBaJIaCh 

npH CPHKCHpOBaHHoM MC:>KROHHOM paccToHHRH. Ha HCnpaBHJIhHOCTh TaKoro pac-
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Aoua6amu'leCKafl meopufl 311eKmpOlIHbiX npOlfeCC08 8 paCm80paX 

CMOTpeHHH B 'IaCTHOCTH YKa3aJI JIeii:'[(JIep20, KOTOPhlii: npOH3BeJI ycpe,[(HeHHe BepO­

HTHOCTH nepexo,[(a no R. I1HTepecHo OTMenlTh, 'ITO Bhlpa)l(eHYle CBo6o'[(HOii: 3Hep­

rHH aKTHBaIIHH ,[(JIH peaKIIHii: "pe30HaHcHoii: nepe3apH'[(KH", nOJIY'IeHHOe MapKYCOM, 

COBna,[(aeT C 3HeprHeii: aKTHBaIIHH, nOJIY'IeHHoii: B HacToHIIIeii: pa60Te (82). T. K. 

MapKYc ,[(JIH peaKIIHH (1) nOJIy'IHJI BeJIH'IHHY D.F* = 9,8:K~:b' TO no Harneii: TeopHH 

nOJIY'IHTCH, 'ITO D.E* = 9,8:~:b B O'IeHh xoporneM COrJIaCHH C OnhITHhIMH ,[(aHHhIMH 

(D.E!crr = 9,9:"0";.'1.,)· 

3HeprHH aKTHBaIIHH ,[(JIH pa3Hhlx peaKIIHii:, KaK BH,[(HO H3 pHC. 1, xapaKTepH3YlOTCH 

pa3HocThlO lp - la. ECJIH C'IHTaTh, 'ITO 8a<q~) c:::: 8p(qp), nOJIy'IHM 

(98) 

OTClO,[(a CJIe,[(yeT, 'ITO 3HeprHH aKTHBaIIHH ,[(OJI)l(Ha paCTH npH YBeJIH'IeHHH pa3HOCTH 

3HeprHii: rH'[(paTaIIHH KOHe'IHOrO H Ha'IaJIhHOrO CQCTOHHHii:, 'ITO xoporno H3BeCTHO 

H3 OnhITa. 

113 pa3BHToii: B HacToHIIIeii: pa60Te TeopHH BhITeKaeT, 'ITO OT YBeJIH'IeHHH MaCChI 

aTOMOB paCTBOpHTeJIH 3HepnlH aKTHBaIIHH MO)l(eT TOJIhKO B03paCTH, 'ITO corJIacyeTcH 

C OnhITaMH, B KOTOPhIX paCTBOpHTeJIeM CJIY)l(HJIa TH)KeJIaH Bo,[(a BMeCTO 06hI'IHOii:
25 

,26. 

B 3aKJIlO'IeHHe Heo6xo,[(HMO OTMeTHTh, 'ITO npHHHThlii: B HacToHIIIeii: pa60Te 

3JIeKTpoHHhlii: MexaHH3M OKHCJIHTeJIhHO-BOCCTaHOBHTeJIbHhIX peaKIIHii:, He HBJIHeTCH 

e,[(HHCTBeHHO B03MO)l(HhIM. I1Hhle MexaHH3MhI, KaK HanpHMep, peaKIIHH C nepeHOCOM 

npoTOHa, )l(,[(yT TeOpeTH'IeCKOrO pacCMoTpeHHH. 
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Zusammenfassung 

V. G. Levie und R. L. Dogonadze: Adiabatische· Theorie der Elektrollellvorgiinge in Losungen. 
Die Autoren studierten den Elektronenlibergang zwischen zwei Ionen unter Einflu13 von polarisier­
barem Medium. Die Aufgabe wird analogisch formuliert, wie es in der Theorie der festen Phase ge­
wahnlich ist. Die Wahrscheinlichkeit des Elektronenlibergangs wird numerisch berechnet, sowie die 
Geschwindigkeitskonstante der Ladungslibertragung zwischen den Ionen in Lasung. Auch die Licht­
absorption durch Anionen wird berlicksichtigt. Die Ergebnisse der Berechnungen werden mit den 
experimentell gefundenen Werten der Aktivierungsenergie verglichen. 
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